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Mathematical modeling of seismic 1solators
L..J. Billings* and R. Shepherd**

ABSTRACT

a relatively new design strategy used to protect
It has yet to be validated by

earthquakes. Also adeqguate

at the design stage, the degrading properties of

horizontal motion are atill under
in which an

Bage isolation is
ities from seismic shaking.

ConstKUCtEd facil
se being achieved 1n strong

satigfactory respon

nethods of prEdicting,
igolators particularly under biaxial
This paper summarizes current design practices

development.
igolator ig treated as an equivalent elastic column at the base of a building
tal orthogonal motions as two

for the analysis
same space concentrically, one bending in one horizontal
1] direction. Various

ther in the perpendicular horizonta
g finite element representations of

for an accurate model
Progress in the

of concurrent horizon

and,
columns sharing the

jJirection and the o
soPhiﬁticated analysis techniques includin

individual isolators are reviewed and the need
incorporating damping and stiffness degradation 1s emphasized.

development of such a model is reported.

INTRODUCTION

dynamic effects of seismic ground motions
le lower storey was popular at one stage
However the poor behavior of

difficulties in avoiding
B in the

The principle of reducing the
a building with a flexib
hquake resistant design.
ldings emphasized the

by providing
of the evolution of eart

many flexible first-storey bui
catastrophic failure at zones of sudden change of stiffners and strengt

load path. More recently the concept of genulne seismic isolation using a
damped flexible mechanism between the ground and the bottom of a structure has
received considerable attention (Kelly 1986). The main concepts of base

isolation are to lower the fundamental frequency of the structure below the

predominant frequencies of the seismic excitation and to provide a mechanism

for energy dissipation within the isolator.
to be a trade-off

In simplistic terms seismicC isolation can be thought
jsolated structure

of acceleration for displacement. The inertia loads on an
will be lowered, as also will be the interstorey drifts, at the expense of

increased movement at the interface where the isolators are installed. Clearly
seismic isolation is not applicable toO 31]1 situations. Whereas it may very well
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CURRENT DESIGN CONSIDERATIONS
Elementary design considerations of base isolators can commence ity ;.
awareness that elastomeric bridge bearings may be sized (AASHTO 1983) Heing

allowable compressive stress of 1,000 to 2,000 P-S.1. whereas failure 15
expected at an order of magnitude greater pressure.
drea, A, 1s selected the unidir
bearing can be predicted,
the rubber in the bearing

Once an approximate plar
ectional horizontal stiffness, K, of 3 Simple

when G is the shear modulus and 2 18 the he
as:
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AStomeric material. When the elastol

» the bearings are referr

~'® Bhape factor 5 jis defined as




For circular bearings, when D 1s +the diameter of the steel shim and t

jayer - |
i g t he +thickness of one layer of elastomer,
D
S = — 2
4 C (2)
gince the stiffness of the metal shims is so much greater than that of
+he layer of elastomers, the horizontal stiffness equation (1) may be modified

ring having n layers of elastomer each of thickness t to be

. _ GA
o —
- (3)

perham (1982) has proposed that the vertical stiffners K of bearings
g shape factors of about 10 (i.e. medium shape factors) can be determined

havin
an K., the of fective compression modulus equals 5.6GS*, to be
s E_A (4)
& nt

Kelly et al. (1990) have suggested modifications of this expression for

high shape factor bearings.

] variations on standard cylindrical or square laminated isolators

Severa
h lead plugs through the center, to

have been developed including those wit
increase energy dissipation, and initially slack vertical chains connecting top

and bottom plates, to limit the sideways distortion. This last development
appears to have been prompted, in some degree at least, by awareness of the
potential for roll-out and instability of bearings under the combined action

of significant vertical loads a

<hear strains. Such high strains will result
area resisting vertical loads and contribute to the measured non-linear

behavior at high strains of tested bearings. Additional contributions tO

observed non-linear characteristics are provided by the inelastic properties
of the elastomer and, in the case of the isolators with lead plug inserts, by

the yielding of this component.

f gseismic isolation systems may be undertaken on the

Initial designs O
c behavior summarized above.

bagsis of the assumptions of extended elasti
Refinements may involve ETABS (Wilson 1975) type analyses and even non-linear
investigations using coding such as ANSR (Oughourlian 1982). However current
limitations on the available data base of non-linear material characteristics,
including the properties of the yield surfaces of a three dimension model of
an isolator, seriously restrict viable inelastic analyses. Consequently current
design techniques are conservative to ensure an adequate factor of safety
4gainst collapse or instability of elastomeric bearings. This situation 18

i 1able of definitive experimental and
formation of such components.
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The total restoring forces F, on F, along the x and y axeg
functions of the deflections and deflection rates viz:
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N
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shich varies from gsample to sample (Mark 1982), attempts have been made to
fFinite element analyses. The composite layered system can be treated

uﬂdertake | .
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